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PREFACE

This e f for t  was conducted by Syracuse University under the sponsorship

of the Rome Air Development Center Post-Doctoral Program for Air Force

Communications Service (AFCS).  Mr. Robert Feik and Mr. Y.S. Fu were the

AFCS focal points and provided overall technical direction and guidance .

The author of this report is Dr. Jose Perini, and the co-author is

Dr. Kazuhiro Hirasawa.

The RADC Post-Doctoral Program is a cooperative venture between RADC

and some sixty-five universities eligible to participate in the program.

Syracuse University ~~~~ar tment of Electrical and Computer Engineering),

Purdue University (School of Electrical Engineering), Georgia Institute

of Technology (School of Electrical Engineering) , and State Univei sity

of New York at Buf falo (Department of Electrical Engineering) act as

prime contractor schools with other schools participating via sub-contracts

with the prime schools. The U.S. Air Force Academy (Department of

Electrical Eng ineering) ,  Air Force Institute of Technology (Depar tment

Of Electrical Engineering),  and the Naval Post Graduate School (Department

of Electrical Engineering) also participate in the program.

The Post-Doctoral Program provides an opportunity for faculty at

participating universities to spend up to one year full time on

exploratory development and problem-solving efforts with the post-’doctorals

splitting their time between the customer location and their educational

institutions. The program is totally customer-fi.mded with current projects
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being undertaken for Rome Air Development Center (RADC ),  Space and Miss ile

Systems Organization (SAMSO), Aeronautical Systems Division (ASD),

Electronic Systems Division (ESD), Air Force Avionics Laboratory (AFAL),

Foreign Technology Division (FTD ), Air Force Weapons Labora tory (AFWL) ,

Armament Development and Test Center (ADTC), Air Force Communications

Service (AFCS), Aerospace Defense Command (ADC), Hq USAF, Defense

• Communications Agency (DCA), Navy , Army , Aerospace Medical Division (AMD),

and Federal Aviation Administration (FAA).

Further information about the RAD C Post-Doctoral Program can be

obtained from Jacob Scherer , RADC/RBC, Gr iff iss  AFB, NY , 13441, telephone

AV 587—2543, COMM (315) 330—2543.

The author, Dr. Jose Perini, received his B.S. degree from Escola

Politecnica de Sao Paulo, S.P., Brazil ‘1952) and his Ph.D. degree from

Syracuse University (1961). He joined the faculty of Syracuse University in

1962 as Assistant Professor of Electrical Engineering, advanced to

Associate Professor in 1966, and to Professor in 1971. Prior to his

affiliation with Syracuse University, Dr. Perini served as Assistant

Professor of Electrical Engineering at Escola Polit~cnia de S~o Paulo

• and as Manager of the Radio Maintenance Department of Real Transportes

Aereos in São Paulo. He is a consultant to the General Electric Company

and Data Functions Corporation . Dr. Perini teaches graduate courses and

supervises graduate student research for M.S. and Ph.D. degrees and was

Director of the Syracuse University Graduate Center at Poughkeepsie from

1966 to 1968. His publications cover topics in television antennas,
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f ie lds  and propagation , and signal-processing aspects of electromagnetic

compatibility . He holds two antenna patents and is a member of the

Institute of Electrical and Electronics Engineers.

Dr. Kazuhiro Hirasawa , the co—author , was born in Tochigi, Japan , on

December 5 , 1941. He received the B.S. and M.S. degrees in Electrical

Engineering from Keio University , Tokyo, Japan in 1964 and 1966 respectively

and the Ph.D. degree in Electrical Engineering from Syracuse University in
I

1 .
1971. At present he is a research Engineer in the Department of Electrical

and Computer Engineering , Syracuse University.

The author wishes to acknowledge : the contributions of Dr. W.W. Everett

of the RADC Post-Doctoral Program for e f for t  during the course of the work ,
‘I

and in draft ing the f inal  report; the contributions of Mr. Robert Feik

and Mr. Y.S Fu throughout the entire e f for t ;  Mr. Dave Pierce and Mr.  Sam

Zaccari for management support; Mrs . Colleen Hart , Ms. Lyn Swingle , and

Mrs. Ann Buckley for administrative support and final draft preparation.
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ANTENNA PATTERN DISTORTION COMPUTER PROGRAM

1. Introduction

Presently, when a new communication facility is designed , there is no

simple way that the project engineer can predict the interaction between the

many antennas that will be present in the facility . The available rules of

thumb are too crude and do not really give any detailed information of the

antenna pattern distortion or mutual coupling effects. Recent developments

in the area of computer aided design of antennas al lowed the development of

a user oriented computer program that can perform an accurate analysis of

existing or fu ture  antenna installations with far more detail than has been

possible. The description and usage of this program is the subject of this

report.

2. Physical Layout of the Antenna Farm

A system of rectangular coordinates x, y, z will be used for specify ing

the position of the antennas in the installation as shown in Figures 1 and 2.

The vertical axis is always z and the x , y axes define a reference plane

which must coincide with the installation ground plane if there is one . In

this case the z .are the heights of the base of each antenna above the ground

plane. In cases where no ground plane is used, the axis x, y define an

arbitrary reference plane and the z • are the he ights of the base of each

antenna above this plane . When we refer to a ground plane here, we mean a

metallic structure, either solid or in the form of a wire mesh of sufficiently

small openings to act as a ground plane. The earth below the antenna

installation is ignored by the program because usually the antennas are high

1
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enough above the terrain. In order to control the patterns of the antennas

on the installation, it is advisable to always use a ground plane extending

at least four to five feet beyond the outermost antennas.

As will be described in detail later , the program has two versions :

(1) a simplified one where only the antenna types have to be specified and

(2)  a general one where the actual dimensions of each antenna have to be

specified.

Figure 1 shows the input variables for the simplified program. As can

be seen, only the type (AT 1181, AT 1097, AT 197, or LR 1000 - lightning rod)

and the x . ,  
~~~~

‘ 
z . coordinates specifying the antenna positions are required .

Figure 2 shows the input variables for the general program. Besides

the position x~ , 
~~~~~

‘ 
z. of each antenna, we also have to specify the antenna

lengths h . ,  the radii r ., the positions of any loads i . i f  they exist , the

loads Z., as well as the feed positions f ..
1 1

In the simplified program only one antenna can be fed at a time and no

loads are allowed in the other antennas which are assumed terminated by their

nomina l input impedances. In the general program , all antennas may be fed and

can also carry one load each . This will allow the solution of more general

problems such as anLenna arrays or special types of antennas not included in

the simplified program catalog.

3. Description of the Computer Program

This program was designed to be used with the Honeywell 635 computer ,

based at RADC , via remote terminal. It was written in FORTRAN IV languate

and therefore can be easily adapted to many other computers.

2

-A

- 1~~ 1T ~~:~.’ T ~ , I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~II~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The program is executed in two phases. The f i r s t , which is called

LINKM N and operates in the Time-Sharing Mode , is used for inputting all the

pertinent data . The second , which is called USA and operates in the Remote

Ba tch Mode , is used for the actual computations . If any detectable errors

occur in the input data , the Time-Sharing Program LINKMN will detect them and

print an error message warning the user .

In order to exLcute the program USA three permanent f i les called USAIN 1,

USAOUT 1, and DATAFILE are needed . As the name suggests , the f irst  is where

the input data from LINKMN is stored , the second is where the program will

write its output , and the third is where the input data for communication

range contour is stored . These files have already been created and are part

of the RADC program package . Presently , USAIN 1 and USAOUT 1 are 4 and 8

*blocks long respectively, and DATAFILE is a random f i le  (20 blocks long) .

This has shown to be large enough for the cases treated in this report. If

more runs are needed , the size of the f i les may have to be increased .

After  the input data is read in USAIN 1 by LINKMN , the data is changed

into the proper format and stored again in USAIN 1. After  the program USA

is executed , the results will be in USAOUT 1 and have to be read in the

terminal. Examples of these manipulations are given in the next sections.

If the communications contour is to be computed the appropriate topographic

data has to be in DATAFILE by running the SCREEN program. The following

block diagram summarizes the above discussion :

*One block is equal to 320 thir ty two bit words .

$ 3
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RUN LINKMN

READ INPUT DATA
IN 0]. OR USAIN 1

CHANGE FORMAT
USAIN 1 J

PROM SCREEN ~
DATAF ILE ~~~ RUN USA

- -  ---- - -~~~—- -- -~~~~-—-  _________  
— t

READ OUTPUT OUTPUT IN OUTPUT IN
RESULTS IN USAOUT1 HARD COPY

TERMINAL , AT RAD C

MAILED TO
USER UPON

REQUEST

If an unusually large problem is being run where , for example, a lot of

mutual coupling coefficients are printed , the data may exceed the capacity

of USAOUT 1. In this case a message will be printed out and part of the

output will be lost , and the size of the f i le  USAOUT1 has to be increased .

As mentioned earlier , the input program LINKM N has been wri t ten with two

options . The f i rs t , called the “ SIMPLE PROGRAM ” , does not require any know-

ledge whatsoever of the limitations of the numerical technique used. The

terminal requests very simple and straightforward questions and no decisions

• have to made by the user. Presently, three types of commonly used AF

antennas and lightning rods are allowed as input : the VHF AT 1181, the UHF

AT 1097, the UHF AT 197, and the LR 1000 (a designation reserved by us to a

lightning rod). In this option only the antenna whose pattern is being

- ~~~~~~~~~~~~ - 
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computed can be fed . The second optien , called the “GENERAL PROGRAM ” , allows

the treatment of any vertical cylindrical antenna with a maximum radius of

0.1 having , at most , one feed point and one load per antenna . This option

cannot compute communication contours.

If desired , the mutual coupling coefficients  among the various antennas

can be computed and printed out in dB when using the SIMPLE PROG RAM .

The program will also compute vertical (constant 0) and horizontal

(constant 9) patterns. The increments 1\9 and L~Ø can be specified by the

user. The conventional horizontal pattern is therefore computed for 9 = 90
0
,

the horizontal plane, but if desired , any polar angle 9 can be specified.

When patterns are computed, the output will be in normalized magnitude

expressed in ration (NMAG) and in dB (NMAGDB). The value of the field used

for the normalization is printed out under EMAX and the gain of the antenna

in the direction of EMAX (over the isotropic source) is also printed out

as a ratio (GAIN) and in dB (GAINDB).

The program will also compute communication range contours fc~: specified

signal levels for up to six different airplane heights. The ranges are

expressed in nautical miles.

After all the input data is fed to LINKMN, it prints out all the data

as read by the computer for cross reference purposes and then gives the

size of the arrays and the amount of core needed to run USA. These last two

oi~~es of information have to be fed into USA pri”r to running as shown in the

examples of the next sections. The purpose of this procedure is to use as

5
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little core as possible in order to decrease the turn-around-time . If the

required core exceeds 60K, a special statement is used to advise the

operator and thus facilitate the execution.

In the next section we present some examples of use of this program

with detailed explanations of all procedures.

NOTE: When this program is first installed in a new computer, the

program LINXMN has to be run in a special way to create the necessary files

for its normal execution in all other runs. LINKMN has been partitioned

into four programs: LINKMN, LINKM1, LINJQ.12, and LINEM3 which perform

different functions, and are loaded only when needed.

The following commands should be used :

SYSTEM ?FORT
OLD OR NEW-NEW
READY
*RUN LINIcM1=;Ll(NOGO) (+)
*RUN LINKM2 ;L2 (N OG O)
*RUN L1N1G43 ;L3 (NOGO)
*RUN LINIQ4N ;LM (NOGO)
*RUNL LM HS;LINK (LINK 1)Ll; LINK (LINK2 ,LINK1)L @ ; LINK (LINK~ ,LINK2)L3

The first four RUN commands automatically create the necessary permanent

f i les  Ll , L2, L3, and 124, and store the respective programs there. These

four files require a total of 26 blocks of file space. The last RUNL command

creates the necessary temporary file HS automatically . If desired , a

permanent random file HS (43 blocks in size) can be created before the

RUNL command, and the whole program stored permanently in object form for

future runs .

6
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After  these steps type

RUN HS #USAIN 1 “01

Then program will start asking questions .

The random f i l e  named DATAPILE has to be created and all the necessary

“Line of Sight Coverage ” data has to be stored there before the program

USA is run in the CARDIN system. The name DATAFILE can be changed to any

name desired by modifying statement 5025 in the program USA to 5O25$:PRMFL:

03 , R/W ,R ,BLA00001/XXX... where X X X . . .  is the new name (maximum of eight

characters). This modification should be done when lines 50 , 500 , 5000

are modified . See Example 4 , note number 8.

4. Examples of Program Use

In the listings that follow, CR means a carriage return entered by the

user. Numbers on the left—hand side margin are references to explanations

tha t follow the run. All user responses are underlined .

The answers to the terminal questions are either numbers or words

such as YES , NO , INCHES , METERS , etc . Whenever this last type of answer

is requested , the user can type the whole word or just the f irst  letter.

In any event the computer recognizes only the first letter. Therefore,

Y, YES, YNO are all interpreted as YES since the first letter is a Y.

No blanks are allowed before the word . For example _YES (where 
— 

is a

blank ) will be detected as an error and the question will be repeated

again after the message: “ INPUT ERROR , TRY AGAIN “ is typed in the

terminal.

(4- ) For more details see Honeywell Series 600/6000, FORTRAN, Manual
number 8J67 , p. 3 — 22.

7
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The computer does not take any answer unti l  a carriage return (CR) is

entered . Therefore , if an input error is detected before the CR, two

procedures can be used to correct it [U :

(a) If the whole line is to be deleted , press simultaneously

the CTRL and X keys . The computer will print DEL indicating

that the whole entry has been deleted and skips to the next

line waiting for the line to be re-entered.

EX:

ANTENNA POSITION X Y Z

= 100 ,10, 0 CR

(b) If only a few characters have to be corrected , press SHIFT

and @ as many times as there are characters to be corrected.

EX:

ABD@CD is read as ABCD

AB C@@CD is read as ABCD

N@Y is read as Y

[1] For more detailed information, see GE-600 Line GECOS III Time-sharing
FØRTRAN , manual #CPB - 1566A, Now Honeywell BR 70.

8
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4.1 EXAMPLE 1 - In this example many errors were introduced on

purpose to exercise as much as possible the error detection

capability of the program .

CR
0 11030 1

PADC R&D TSS GCOS-G U3 0 7/ 1 6 / 7 6  AT 9.69 3 CHAN N EL 3030

L cX3~A1 ID— 8LA0 0001 956700 1604 09
1 

PASS t I ORD--
bX~W~(W~tZPVR

2 SYSTEM ?FO RT
OLD OR
READY 

-

4 RUN US Ø T J SA INI  “01 ”
+++++ ENTER ANTENNA PARAMETER S +4+ ++

5 DIHENSI cWS IN METERS OR INCHES 9

6 .7... INPUT ERRORS TP.Y AGAIN
7 DIMEUSICNS IN METERS OR INCHES 9
8j j..... INPUT ERROP~ TRY AG A I N  .....

D I M E N S I O N S, IN METERS 08 INCHES 9
9 M

GROUND PLAN E 9
YES

10 iiWPLE PROU ?

COUPLING COEFFICIENTS 7
NO
NUMBER OF ANTENNAS

••~~ ANTE NNA NU MBER 1 *4*0
ANTENNA TYPE 7 ( 1 0 9 7 ,  197k 1 1 8 1  OR 1 0 0 0 )

11 =1197..... INPUT ERR OR, TRY AGAIN .....
ANTENN A TYPE 9 ( 1 0 9 7 ,  197, 1 1 8 1  OR 1 0 0 0 )

12 — 1 0 9 7
ANTENNA P O S I T I O N  X ,YiZ  ON THE PLAT FOR’1

13 1.. DEL
O . i D . , O .
~~~~~~~ ANTENNA NU M BER 2 ~~

ANTENNA TYPE 7 ( 1 0 9 7 ,  197, 1 1 8 1  OR 1 0 0 0 )
j,4 =1182

• ..... INPUT ERRORs TRY AGAIN
ANTENNA TYPE 9 (10 97, 197, 118 1 08 1000)

15 11 83e1
• ANTENNA POSITION X.,YsZ ON THE PLATFORI
• ~ 0 .5 1 .50 .

9
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*~~** ANTENN A NU M BER 3 ~
ANTENNA TYPE 7 C1097 s 197, 118 1 OR 1000)

a $000
LENGTH
.2.
DI METER

— .009
ANTENNA POSITION X .YsZ ON THE PLATFORI

*1 ., 0.s0 .
~~~~~~ ANTENNA NUMBER 4 •*~~*

ANTENNA TYPE 7 (1097s 197, 118 1 OR 1000)
— 197
ANTENNA POSITION X ,YsZ ON THE PLATFORI

a—i . e 0.,  0.
+++ RADIATION PATTERN +++

VERTICAL PAT T ERN 9
-NO
HORIZONTAL PATTERN ~

=NO
C CIIMUMI CAT I - CN RANGE CONTOU R 9

nNO..... INPUT ERR OR, TRY AGAIN
16 VERTICAL PATTERN 7

2L~HORIZONTAL PATTERN 9
aYES

THETA ( DEGREES )
=90

17
FILE C ODE 41 ILLEGAL CHAR CORRECTION 0

18 PLOTTING INCREMENT (NON-ZERO NtLIBER) (DEGREES)
— 0
. ‘... INPUT ERR OR , TRY AGAIN

PL OTTI NG iNCR EM ENT (NON-ZERO NUM BER ) ( DEGREES )
= 1 0 .

CCZ *IUNICATI (N RANGE CONTOUR 7
-NO

NUMBER CF RUNS

*~~~~* RUN 5
•FR E O U ENc y ( MHZ )

FED ANTENNA C S)
19 •~~.7~.. INPUT ERROR , TRY AGAINFED ANTENNA C S )
20

..... INPU T ERRORs TRY AGA i N •....
FREQUEN CY (MHZ )

.127
ANTENNA CS )

21 .3... INPUT ERRO R , TRY AGAIN .....
FED ANTENNA CI )

• — 2

10
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22 D IM N GP~ Y SIM P= Y COUPL N NR 4
ANTS - I 2 3 4
TYP E = 10 97 11 8!  1 0 0 0  197
X — 0. 0. 1 . 0 0 0  — 1 . 0 0 0
Y — 0. 1.000 0. 0.
1 a 0. 0. 0. 0.
1. a 0. C. 2.000 0.
D a 0. 0. 0.009 C.
VER PAT= N
HOR PAT- V
THETA= 90.0 PLG! INC— 10.00
CON RNG= N

RUN S FREO(MIIZ) ANT F E D ( S )
1 127.00 2

23 +.+ 62 X 62 IS THE MIN Dlii FOR Cl, C2 +4+

+4+ 27 K I S  THE t•lIt .1 M EM ORY NEEDED +++

24 ‘R E M OVE 0 1

‘OLD USAINI
25 READ?

•AS CI 3 C D  ~~~JUSA I i J 1
26 LABELS?

TAB CIIARACTERS AND SETTING?
27 ‘SYST CARD

OLD OR NE’!- OLD USA
READY

28’~~ CR
‘~ QO:DI 1~~ SjOt4 Cl (62,62)aC2 (62,62)

29 * 5 0 0 0$ : L I\ I I T 5

Li IITS: IS~ 27K
30 ~I-.ISTS 5D ,500~ 50 0 0

500:DIMENSION C1(62,62),C2(62,62)
5000S:LIM ITS: 15, 27K

READY

3l~~~~~ ’
32 SNUB 5 68 181

CAPD FO9~ A T ,D 15POS I T ION 7
33 N OP.i
34 ‘JS~ S 6CIGT

6818T-Ol TOO BIG

~~ ‘BY E
~~~
‘ “CCST: $ 1. 66  TO DATE : $ 3 7 7.50  8%

• “ON AT 9.892 — OFF AT 10. 102 ON 07/16/76

11
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37 ‘RCD ASC ~~~~~~~~~
38 LINE ?!U.I IiERS?

TAL( CUA PACTE R S AND SETTING ?
39 ‘LIST

40 “ AN TS C FED)= 2 FBEQ (MHZ)— 127.00 “
HO R IZONTAL PATTERN

THETA 10 . 0

EMA X= 0 .274 G A I N —  2.89 1 G A I N C D B ) =  4 .6 1

PHI NMA G N M AG ( DB )
0. 0.8460 —1 .45

10. 0.7352 =2 .67
20. 0.6124 —4.26
30. 0.498 1 6 .05
40. 0.4141 —7.66
50. 0.3737 —8.55
60. 0.3696 —8.65
70. 0.3807 —8.39
80. 0.3899 —8.1 6
90. 0.3927 —8.12

10 0 .  0.3965 — 8 . 0 3
110. 0.4127 —7.69
120. 0 .4451 — 7 . 0 3
1 3 0 .  0.4893 — 6 . 2 1
140 .  0.5424 — 5 . 3 1
15 0. 0 .6084 — 4 . 3 2
160. 0.6903 —3.22
170. 0.7607 —2.15
18 0 .  0.8627 — 1 . 2 6
190. 0.9184 —0.74
200. 0.9368 —0.57
210. 0.9172 —0.75
220. 0.8674 — 1 .24
230. 0.8012 — 1.93
240. 0.7347 —2. 68
250. ~.6839 —3.30
260. 3.6616 —3.59
270. 3.6749 —3 .41
280. 3.7224 —2.82
290. 3.7933 —2.01
300 .  0 . 8 7 1 2  — 1 . 2 0
3 1 0 .  0.939 1 — 0 . 5 5
320. 0.9844 — 0 . 1 4
330. 1 . 0 0 0 0  0.
340. 0.9825 — 0 . 1 5
350. 3 .9307  — 0 . 6 2
360 . 3 .8460 1.45

• READY

41 ‘.E(L
“COST: $ 0.47 TO DATE: S 390 .39— 82

• “ON AT 14.37 0 — OFF AT 14.440 ON 0.7/ 1 6/ 7 6

12
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Explanation of Example 1

1. Sign on procedure - the user enters the USER ID and PASSWORD (masked on

purpose). After any entry, always enter a CR to indicate that the input

is completed.

2. Request the system TFORT .

3. Call NEW since the program is in objet form in US.

4. Request that the program HS be RUN and the output be stored in the file

01 which is the alternate name of the file USAIN1, since only numbers

can be used as a file name in the system FORT. US then starts asking

questions from the user.

5. The answer to “DIMENSIONS IN METERS OR INCHES” has to bt~ ~~~ ‘ of the

following: H, METERS , I, INCHES . In this case , N was inadvertently

entered .

6. The program does not recognize the answer and requests that the information

be entered again.

7. Note that the computer repeats the question .

8. Again , inadvertently, a blank was entered before M and the computer

rejects the input again .

9. Finally, the correct input is entered.

10. Note that YES and Y are acceptable answers.

11. A mistake in the antenna type is made.

• 12. The correct answer is entered.

13. In this case the user detected an error (1., instead of zero was

13
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entered ) and the input was cancelled by depressing simultaneously t~~

keys CTRL and X. The computer prints DEL indicating that the information

was deleted , skips to the next line and waits for the line to be typed

over.

14. Again an input error is detected by the computer.

15. This is an example of how to correct only a few characters. The @ erased

the 3 which was replaced by the 1 efltered after.

16. This message is issued because this run has no output since NO COUPLING

COEFFICIENTS were requested at the beginning and NO VERTICAL , HORIZONTAL

PATTERNS or COMMUNICATION RANGE CONTOUR were requested now . At least

one of these three answers has to be YES. Note that the computer asks

the questions again.

17. A common mistake is to type the letter “0’ instead of zero (0). The

computer detected that 90 was entered instead of 90.

18. The plotting increment has to be non-zero n umber; thus, the next two

error messages.

19. The antenna specified does not exist since we have only four antennas.

20. Antenna 1 is UHF and the frequency specified is VHF , so the question

FREQUENCY and FED ANTENNA are repeated .

21. Antenna 3 is a lightning rod and there is no feed.

22. This is a printout of what was just read in the computer for the user ’s

ver i f ica t ion. Take a moment to double check this , otherwise the whole

run may be wasted. Note that the type of ANTENNA NUMBER 2 has been

14
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corrected to 1181. DIM = M means dimensions in meters. The other

an~ wer s  ~ rc self ex}~Li~~Itory .

~~~~~ • 1J~is is I~~~~dI~, t  i~~f~ rmation to run  USA so that the minimum array sizes

(62 x 62) and the minimum memory requirements (27K) are used .

24. This statement is to remove the file 01 from AFT so that access to

NSA[N1 can be regained .

25. These statements are used to change the data in USAIN1 from ASCII

to BCD for use by USA .

26. Note the CR entered as answers to the next two questions, since no

labels or tab settings are required .

27. As USA is in the Remote Batch Mode (called CARDIN) the CARDIN system

is requested , followed by a call of the OLD USA program .

28. Statements 50, 500, and 5000 are modified to the present size as

indioated in 23 above. The explanation of each statement is as follows

[2]:

(a) Statement 50 is used t~ warn the operator that a large program

is coming. This should be used whenever the run size is greater

than 60K. The format is the following :

Less than 60K

• 50CR

More than 60K

50$ :M SG 1:l , (MESSAGE)

EX: 50$HSG1:1, THIS RUN REQUIRES 71K

15
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(b )  Statement 500 modifies the dimensions of all the arrays in

USA. The format is:

500:DIMENSION C1 (NN,NN), C2 (NN ,NN)

where NN is the value indicated in 23 above by the message

+ + + NN x NN IS THE MIN DIM FOR Cl, C2 + + +

EX: 500:DIMENSION Cl, (62 ,62), C2 (62,62)

(c) Statement 5000 specifies a running time limit and states the core

requirements to run USA.

5000$:LIMITS :XX ,YYK

where XX is an estimate of the running time in hundredths of

an hour.

YY is the required memory in 1000 words

EX: 5000$:LIMITS :l5,48K (.15 hours max run time)

29. If an error is detected (as in this case due to misspelling of

LIMITS), just press CR and start the line again. Whenever the same

line number is entered more than once , the computer will only use

thc information typed in the last time.

30. It is a good practice to request the computer to list the statements

just  entered . This can be done by the command LISTS NN ,MM ,P P . . .

This will list only the specified statement numbers. Note also

that statement 50 was not listed, since it is a blank now.

31. After the modifications above are verified to be correct, USA is

asked to RUN.

16 
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32. The CARDIN system will assign a number to this specific run . In th is

case 6818T.

33. Answer NORMAL or NORM to the next question as no special card

disposition is used .

34. This is a request of the status of your job . JSTS 681ST means what

is the JOB STATUS of 6818T.

35. In this case , the answer was that the program STATUS was TOO BIG . The

normal procedure is to disconnect the terminal and sometime later

request JSTS 68l8T. In case the job is small , it is possible that it

will be run after a short time and therefore you may wish to keep the

terminal on. Periodically , request your job status , since if the

terminal is inactive for more than 10 minutes , it will be automatically

disconnected .

36. BYE is the message to disconnect the terminal. If at a later time the

user requests the job status and the computer replied that the job is

completed with NORMAL TERMINATION , the following procedure is used

to retrieve the output data:

37. The outpu t is in file USAOUT1 but is in BCD. The user has to convert

the data to ASCII. This is accomplished by this statement which reads

BCD from USAOUT1, converts to ASCII and stores it in the present f i l e

which is indicated by the asterisk(*).

• 38. As no line numbers or tabs are required , answer the next two questions

with a CR.

•1
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39. Request a listing of the present file.

40. The desired output is printed out. Note that the anglu PHI is fl ,1rI ~~~~

clockwise from the x-axis to conform with the azimuths of ~~~~~~~

(See Figs. 1, 2). Note also that the magnitude of the ra<ii~ t i~~r

pattern is listed in ratio, as well as in DB normalized to E~- A- .,

its maximum magnitude. The gain over the isotropic source ii. rh

direction of EMAX is also given in ratio ard in DB.

41. After the listing is completed , just sign out.

NOTE: As a reference , this run took a total of 0.0246 hours, out of

which .0016 hours were used for compilation. This information

can be obtained from the full printouts that come out at RADC.

18
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4 .2 EXAMPLE 2 - In this example the use of multiple runs and an output

with mutual couplings are illustrated .

SYSTEM ?FORT
OLD OR NE1r-jj~~
READY

RUN US #USAINI .0L~
4+4+4  ENTER AN TENNA PAR t~1ETER5 •++++

DIt4ENSIcNS IN 1-IETEBS OR I NCHES ?
“ I

GROUND PLAN E I
-NO

SIMPLE PR O3 I
• YES

COUPLING C OEFFICIE N TS I
EYES
NUIIflER OF AN TENNAS

“3
~~~~ ANTENNA NUMOER ~
At1TENUPI TYPE 1 (1097, 197, 1 1 8 1  OR 1 0 0 0 )

— 1 1 8 1
ANTEF~NA POSITI cN XaY.Z W ThE PLATT O~ ’

“0.i 36.,O.
- • ANTENNA NUMBER 2 ~~~~~

AN TENNA TYPE ~ (1097, 197, 1181 OR 1000)
1097
AN TEN NA POSIT! ct~ XaY~ Z ON THE-PLATFORM

“ 0., 0., 0.
~~~~~~ ANTENNA NUMBER 3 ****

ANT ENNA TYPE 7 ( 1097,  197, 1181 OR 1000)
“ 197

ANTENNA P OS 1TIW X,Y,Z ON THE PLATFORI
“—36., O .,0 .

PADIATI W  PATTE RN 4+4

VERTI CAL PATTERN I
“YES

PHI (DEG REES)

~0.
CITING INC REM EN T (N a ’s-ZERO NU MBER ) ( DEGREES )

• “10.
)IORIZWTAL PATTERN I

• “YES
ThETA (DEGREES)

—90.
PLOTTING INCREMENT (NW-ZERO NUMBER) (DEGREES)

=15.
COi~1Ut11CAT1 G’I RANC E CWTOUR I

“N O

2 NU IBfR OF RUNS
“2

R!.IN I 1 •“~~*
FRE QUEN CY ( M HZ )

— 1 1 8 . 5
• FED ANTEN NA ( I )

— 1

19
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I

“u”  RUN 5 2 •
FREQUENCY (MHZ )

—400.
FED ANT EN NA C S )

— 3

3 DIM” I GP= N SDIP- Y COUPL- V NRa 3
ANTS ”  1 2 3
TYPE “ 11 8 1 1097 197
X • 0. 0. —36.000
Y • 36.000 0. 0.
Z • 0. 0. 0.
VER PAT ” V
PHI ~ 0. PL OT INC a 1 0 . 0 0
HO R PAT ” V
T1IETA= 9 0 . 0  PL OT I NC ” 15 . 0 0
CQI RNG= N

RUN S FRE~ (MHZ) ANT FED(S)
I 118.50
2 400.00 3

4 +++ 72 X 72 IS  THE M I N  DIM FOR Cl.. C2 +4+
29 K IS THE MItJ MEM ORY NE EDED +4+

“REM OVE 01
“OLD U SA IN 1
REA DY
“ASCBCD “ USAINI
LABELS ?
TAB CHARACTERS AND SETTING ?
“ SYST EM CARD
OLD OR NEW-OL D USA
READY
“50

DIMENSION C1(72..72)..C2(72,72).
“SOOO Szl..IMITS: 101 29K
“LISTS 50..500s5000

500 DII’IENSIW CI (72.72)aC2 (72,72)
5 0 0 0 S : L I M I T S : 1 0 , 2 9 i (

READY

SNUMB 5 3000 1
CARD FCTVIA T..DISPOS ITIa ’4 I
NORM
“qJ STS 30001
3 0 0 0 1- 0 1  TOO BIG
“BYE .
““COST: $ 1.49 TO DATE ; S 250.56’. 52
•“W AT 14.535 - OFF AT 15.0 12 ON 07/13/7 6

20-
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5 “.JSTS 3000 1
30001 OUTPUT WA ITING
IF LAST JOB SUI3MITTF.D~ STATUS WAS :
N ORMAL TE P.M IN A TIW

•BCDASC USAOUTI;” CR
L I N E  N U~-1BERS ? CR
TAB CHARACTERS AND SETTING ? CR
“LI ST

6 •““ ANT I (FED ) a 1 FRE Q (11HZ)” 11 8.50 “““
7 COUPLING COEFFICIENT

ANTENNA NO.. P OU ER RECE iVED C DB)
2 — 17.06
3 —32 .92

VERT I CAL PATTERN

PHi” 0..

~~AX= 0.613 GAIN— 1.367 GAIN (DB)a 1.36

THETA NMAG NMAG (DB)
0. 0.0082 — 41 .71

10. 0 . 1152 — 1 8 . 7 7
20. 0.2437 — 12.26
30. 0.3751 — 8.52
40. 0.5044 —5 .94
50. 0.6254 —4.08
60. 0.734 1 —2.68
70. 0.830 1 —1. 62
80. 0.9127 —0.79
90. 0.9743 —0 .23

l O U .  1 . 0 0 0 0  0.
110. 0.9762 —0.21
120. 0.9010 —0 .91
130. 0.7842 —2 .11
140. 0.6410 —3 .86
150. 0.4550 —6.28
160. 0.3253 —9 .75
170. 0.1658 —15 .61
160. 0.0085 41.42

21
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HOTU ZO4TAL PATTERN

T11ETA’~ 90.0

EM AX a 0.77! GAIN— 2.166 GAIN (DB )— 3.36

PHI NMtG NIIAG (DB) -
0. 0.7739 —2 .23
15. 0.7606 —2 .38
30. 0.7792 —2.17
45. 0.8145 —1.78
60. 0.8550 —1. 36
75. 0.8923 —0.99
90.  0 . 9 17 1  — 0 . 7 5

10 5. 0.9211 —0.71
120.  0 . 9 0 0 6  — 0 . 9 1
135. 0.857 6 — 1 . 3 3
150. 0.8026 —1.9 3
1 65. 0.7516 —2 .41
180. 0.7479 —2 .52
195. 0.7611 —2.15
210 . 0.8413 —1 .50
225. 0.9060 —0.86
240. 0.958 3 — 0 . 3 7
255. 0.9896 —0.09
270.  1 . 0 0 0 0  0.
285. 0.9940 0 . 0 5
300. 0.9738 —0 .23
315. 0.9371 —0 . 56
330. 0.8829 —1 .08
345. 0.8210 —1 .71
360. 0.7739 —2 .23

8 •~~‘ AIITS (FED)” 3 FREO (MIll)” 4 0 0 . 0 0  “““
COUPLiNG COEFFICIENT

ANTENNA NO . Pa’7ER RECE IVED (DB)
1 — 3 1 . 4 4
2 —16 .96

22
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VFr~TI CAL PATTER N

PHI ’.  0.
S

l21A~’ç- 0.7 65 GAIN ” 2.44! GAIN (DB). 3.87

THETA NMAG 14114G (DB)
0. 0.0000 —1000 .00

10. 0.0801 —21.92
20. 0.2022 — 13 .88
30. 0.3516 —9.08
40. 0.4706 6.55
50. 0.5512 —5 .17
60. 0.6490 —3 .76
70. 0.7303 —2.73
80. 0.8485 —1.43
90. 0.9409 — 0.53
100. 1.0000 0.
110. 0.978 1 —0.19
120. 0.8409 —1.51
130. 0.7586 —2.40
140. 0.6858 —3.28
1 50. 0.5570 —5.08
160. 0.4140 —7.66
170. 0.2232 13.03
18 0. 0.0000 —1000.00

HC)RIZWTAL PATTERN

THETA- 90.0

EMAX— 0.971 GAIN” 3.933 GAIN (DB ) 5.95

PHI NMAG N1-IAG (DB)
0. 0.7412 —2.60
15. 0.7226 —2.82
30. 0.2994 —10.4 8
45. 0.8150 —1.78
60. 0.704 1 —3 .05

• 75. 3 .0QØ~ 0.
90.  0.3722  — 8 . 5 9
105. 0.7194 —2.86
120. 0.8505 —1 .41
135 . 0.5587 —5.06
150. 0.634 1 —3.96
165. 0.5701 —4.86
180. 0.6243 —4.09
195. 0.9672 —0.29
210. 0.2934 — 10.65
225. 0.7467 —2.54
240. 0.6771 —3.39
255. 0.9165 —0.76
270. 0.6596 — 3.61
285. 0.5177 —5.72
300. 0.7129 —2.94
335. • 0 .4026  — 7 . 9 0
330. 0.2257 —12.93
345. 0.2796 —11 .07
360. 0.7412 —2.60

23
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Explanation of Example 2

1. Note that the coupling coefficients have been requested .

2. Note the specification of two runs . For every run the number of the

fed antenna, as well as the• frequency, is requested.

3. Note DIM = I, which means dimensions in Inches.

4. Only 29K is needed with (72 x 72) arrays.

5. At a later time it was found that the job had a normal termination

and the user proceeded to print out the output file.

6. Before listing the data, the antenna fed and the frequency are

specified .

7. The mutual coupling coefficient is defined as the ratio of the received

power at any specified antenna (terminated by 5052 in the SIMPLE PROGRAN)

to the input power of the fed antenna.

8. This is the beginning of the listing for the second run.

NOTE: As a reference , this run took a total of 0.0353 hours, out of

which .0016 hours were used for compilation.
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4 . 3  EXAMPLE 3 - This example illustrates the use of the general program

option . Note the detailed input information required .

SYSTEM ~ .12i~~OLD OR NE ’-1-NE~4

READY
“PUN MS #t J E A I N I  01
+ + + + +  ENTER ANTENNA PARANETERS +++++

DI M EN S I W S  iN M ETERS OR I N C H E S  I
“H

GROUND PLAN E I
“NO

SIi1~~LE PP.OG I

FREO’JENCY (11HZ)
= 125.
NU.IBER OF ANTENNAS

=3
1 AUTO SPEC SSEG S I

“V
““““ ANT ENNA NUMBER 1 *“““
ANTENNA LENGTH

2 T~AD P O S I T I W
=0

- FEED P05171 W

3 AN TENN A RAD IUS

INPUT ERROR, TRY AGAIN
ANTENNA RADI US

= .02
ANTENNA POSITI W X,Y..7. ON THE PLATFO RM

= 0... 0.~. 0.4 FEED VOL TAGE (REAL..IIIAG)
= I., 0.

5 LOA D I M PEDANCE (REAL.. IHA G )
=0a 0

““““ ANTENNA NUMBER 2 ““““ANTENNA LENGTH
“1 .5

LOA D POSITI W
-
I

FEED P05111 W
=0.

AN TFNN A RADI US

AN TENNA P05111CM X,Y,Z ON THE PLATFORM
m l . ,  0... 0.
FEED V OLTAGE (REAL ..IMAG)
.O.,0.

6 LOA D IIIPEDANCE (REAL..IMAG)
.50... 0.

$
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“““‘ ANTENNA NUMBER 3 ““““ANTENN A LENGTH
= 1.2

LOA D P OSITI O N
= .8

FEED P O S I T I O N

ANTENNA RAP! US
“.03
ANTENNA POSITION X..Y,Z ON THE PLATFORM
=0... 1.2, • 3
FEED VOLTAG E (REAL..I:IAG)

‘.0.0
LOAD IMPEDANCE (REAL..IMAG)
72.,0.

+4 + RAD I AT I CI PATTERN
VERTICAL PATTERN I
YES
PHI (DEGREES)
=90.

~ E~ rTING INCREM ENT (NW-ZERO NUMBER) (DEGREES)
=1 0.

H O R I Z O N TAL PATTERN I
“YES
THETA (DEGREES)

=90.
PLOTTING INCREMENT (NW-ZERO N~B1BER) (DEGREES)

=10 .

DIM” H GP= N AtJT c~ Y FREO 125.00 WR= 3
ANTØ = 1 2 3
L = 1.000  1.500 1.200
LP = 0. 1.000 0.800
PP = 0.500 0. 0.
R = 0.02000 0.03000 0.03000
X = 0. 1.000 0.
V — 0. 0. 1 . 2 0 0

= 0. 0. 0.300
R E V ”  2 . 0 0 0  0. 0.
IN V = 0. 0. 0.
RE 1-D 0. 50.0 72.0
111 LI)” 0. 0. 0.
VER PAT ” V -

PHI 9 0 . 0  PLOT INC” 10.00
HCR PAT V -

TH ETA 9 0 . 0  PL OT INC” 10.00

+++ 14 X 14 IS THE 111W DIM FOR CI.. 02 +++
+4+ 19 IC iS THE Mi l l  MEM ORY NEEDED +++

“REMOVE _Ot
• 0LD USAI NI

READY

26
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“ASCI3CD “;IJSAINl
LABELS?
TAll C 1IA’~AC TERS sND S E T T I N G ?
“SYST~~1 CA!11)CLI) OR NEJ-CLD USA
READ? 

-______

“500 :DINlE1!~I C’1 Cl (14..14).. C2( 14,14)
“~~0001~:LI11TS:5, 19K
“LISTS  5 0 , 5 0 0 , 5 0 C C

500:D1:IEUSION CI ( 1 4 . .1 4) . .C 2 (1 4 . . 1 4 )

50 0 0 S :L I M I T S : 5 . .  19K

READY

“RUN
— SrP MD # 7~~15T

CARD FO~ 1AT..DI SP OSiTIW I
N ORM
“J S T S  79151
7915 1—01 TOO B IG

4LJSTS 791ST
791ST JOB NOT ACCESS IBLE
IF L A S T  JOB STJ~~~IITTED , STATUS ‘-lAS:

NO RM AL . TE FI I I N A T I  ON

“BCDA SC t JS A O ’iTli ”
LINE NU~-1BE~ 5?TAB CHARA CTERS AND SETTI N G ?
“LIST

VER TI CAL PATTERN

PHI ” 9 0 . 0

EMAX 0.588 GAIN~ 1.527 GAIUCDB )= 1.84

THETA NMAG NIAG (DB)
0. 0. —1 000 .00

10. 0.1658 —1 5 .61
20. 0.3625 -8.81
30. 0.5646 —4 .97
40. 0.7417 —2 .60
50.- 0.8717 — 1 .1 9
60. 0.9499 —0 .45
70. 0.9375 —0. 1 1
80. 1.0000 0.
90. 0.9950 —0.04
100. 0.9701 —0.26
110 . 0.9209 —0 .72
120. 0.8483 —1 .43
130. 0.7565 —2.42
l A O.  0.6495 — 3 . 7 5
150.  0 . 52 3 8  5 .62
160. 0.373? —8 .55
170. 0.1969 — 14.12
180. 0.0000 —1 000 .00
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ll C)~1IZC~JTAL rATTERN

T }IETA~ 9 0 .0

EMAI= 0.760 GAIN= 2.553 GAIN (DB)= 4.07

PIlL N-lAG NMAG (DI3)
0. 0.6146 —4.23
10. 0.6752 —3.4 1
20. 0.6588 -3.24
30. 0.6586 —3.63
40. 0.604’: —4.37
50 .  0 .5593 — 5 . 0 5
60. 0.5569 —5.06
70. 0.6057 —4.35
80. 0.6852 —3.28
90. 0.7696 —2.27

100 . 0.81140 1.117
110. 0.9049 —0.67
120. 0.9528 —0.42
130. 0.9662 —0.12
lAO . 3 .0000 0.
15 0. 0.9884 — 0 . 1 0
160. 0.9462 —0 .46
liD . 0 .8603  — 1 . 1 1
180. 0.7912 —2.03
19 0. 0 .6966 — 3 . 14
200. 0.6257 —4.07
210 .  0.6069 — 4 . 3 1
22 0. 0 .6522  — 3 . 7 1
23 0. 0 .7273 — 2 . 7 7
240. 0.7975 — 1.96
250. 0.8358 — 1 . 5 6
260. 0.8275 —1 .65
270. 0.7696 —2.27
280. 0.6706 —3.47
290. 0.5493 —5.20
300. 0.4320 —7.29
310. 0.3458 —9.22
320. 0.3123 —1 0 . 1 1
330. 0 .34 01  — 9 . 3 7
340. 0.’i)83 —7 .57
350. 0.5203 —5.65
360. 0.6146 —4.23

READ?

*
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Explanation of Example 3

1. Each antenna is divided in a certain number of segments over which the

current  is assumed constant.  When the answer to AUTO SPEC * SEGS? is

YES , the computer uses 15 segments per wavelength for the fed an tennas

and between 6 to 10 per wavelength for the others depending on how f i r

they are from the fed antenna . If the answer is NO, then the actual

number of segments for each antenna has to be specified by the u ser .

2. When there is no lead in the antenna , enter 0 here .

3. The maximum radius permissible is .~~~ , thus the error message .

4. This indicates that this is the fed antenna . Other antennas can also

be fed simultaneously in this version of the program. Therefore , the

radiation pattern of an array of antennas can be calculated .

5. As this antenna has no load , enter Ø. ,Ø .  here. If there was a 1e~~,1 ,

then  the real a:~d imaginary parts of the load impedance (in ohms)

should be entered here .

. This is the real and imaginary parts of the load in ohms .

NOTE: As a reference , this run took a total of 0.0030 hours, out of

which . 0016 hours were used for compilation .
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4 . 4  EXAN PIF’ 4 — This exIto ! - i1lI I~;t ~ the use of the comm u r :ication

udh(ft~ contou r program option.

SYST FORT
OLD OR NE ’~!-NE XJ
READ?
“RUN 115 # t J S A L N I  0 1

+++++ ENTER A~ITENNA PARAM ETERS +++++

DZMLUSZC~~S IN M ETERS OR iNCHES I
“ii

GR OU N D PLAN E 7

SIMPLE PP03 I

COUP L I NG COEFFI CI E NTS I

NUM BER OF ANT ENNA S

~~~~~~~~~ ANTENNA NUMBER 1 ““““ -
~~~

• ANTENNA TYPE 1 ( 1 0 9 7 ,  1)7.. 1181 08 1 0 0 0 )
=197

ANT1~ JNA POSITI ON X .Y, Z ON THE PLATFO RM
~ O . ,  0 . .  0.
4 +”  R A D I A T I O N  PATTE RN +++
VERTICAL PATTERN I

PHI (DEGREES)
=0.
PLOTTING INCREMENT (MON-ZERO NUMBER) (DEGREES)

HORI ZON TAL ?ATTE RN I
“N
CO1~1UNICATI GJ RANGE CONTOUR I

2 R ECEIVE R S E N S i T I V I T Y  (D~~-1)

=—80 .
GROUND T RA N SMITTER PO WER (WATT )

=10 .

+++++ ENTER SIT E PARAMETERS +++++

GR OUND ELEVATI ON IN FEET
‘.6546.

TRANSIT  ELEVAT I ON IN FEET

ANT EN NA ELEVATI ON IN FEET
“6586.

3 AX-fl EN WA OFFSET FROI T R A N S I T  I

30
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EN TER DI STeVJCE TO A .) T.’ J E ~ I N  FEET
‘.0.

4 B E A R I N G  TO A N T E N N A  IN DEG AND MIN (L~~.M9)
‘:0.0

5 USE STANDA R D A L T I T U D E S  I
-N
NU.’IBER OF ALTITUDE S TO 135 CALCULATED 1-6)
‘.6

6 DESIRED ALTITUDES IN FEET
— 10 0 0 . ,  5 0 0 0 . ’  10 0 0 0 . . .  15 0 0 0 . .  2 0 0 0 0 . .  35000 .

(G ROUND ELEV = 6546 .0  FT
t TR A N S I T  ELEV - 6568.0 FT

AL T ENNA ELEV 6586. 0 FT
7< D I E T  TO ANT (F ?)  0 .

BEAR TO A N T ( D D . M : - l ) =  0 .
A I R C R A F T  ALT S ARE IN FT AGL .

\~ALT S: 1 0 0 0 . 0  5 0 0 0 . 0  1 0 0 0 0 . 0  1500 0 . 0  2 0 0 0 0 . 0  3 5 0 0 0 . 0

N UM BER OF RUN S
= 1
~~~~~~~ RUN • 1 ~~~~
FREQUENCY (MHZ)

—320.
FED ANTEN NA (I)

= 1

DIM: 11 OP: N SIIIP.’ Y COUPL” N N8
ANTI
TYPE = 197
x 0.
Y ‘. 0.
Z — 0.
VER PAT.’ V
PHI ‘. 0. PLOT It’IC 10.00

HOTI PAT’. N
CCII 8MG- V
REC SEN (131311).’ -80.0 GROUND TRW (WATT) 10.0

RUN # FR E Q (IIHZ ) ANT FED ( #)
I 320.00 

-

+4+ 7 X 7 IS THE MIN DIM FOR Cl. C2 +++
• +++ 19 K IS  THE M I N  MEMORY NEEDED +++

“RFM OVE 01
‘OLD USAINI
R EADY
‘A SC BC D “;UsAINI
LABELS ?
1A13.CHARACTE RS AND SETTING ?

31
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“SYST CAR1~
OLD CII URU-OLD USA
READY
(“so
~ “ 5 0 O  _~~~~~~~D I M E N S I o W ~~c_~~7j 1!cil~i�8’1 ’5Q O O . %~~L I I - 1 I T S 5. 19K

-.

SNU M B I 6549?
CARD FOgIAT,DISPOSITIW I
N 0111
‘I.JSTS 6849?
6849T-01 ¶?A IT -~ALQC

— 
J STS 6849T

6849? JOB N O T  ACCESS IBLE
I F  LAST JOB 5IJZ1-1ITTED , STATUS WAS:
N ORMAL T E R I I N A T I CM

‘BCDASC usAcuTl;”
I N S  N~J1 I3EPS?
TAB CHARAC TER S AND SETTING?
‘LI ST

“'‘ ANT I (FED ) . ’  1 FREQ (M H Z ) . ’  3 2 0 . 0 0  “'“
RECEIVER SEN SIT IV iTY ( D R M ) =  - 8 C -~
T RAN SM ITTE R POWER (VAT?) = 1 0 .0

VERTIC AL PATTER N

PH I ” 0.

EMAX = 24 . 090  GAIN . ’  1.934 G A I N ( D B ) =  2.87

THETA NMAG NMAG (DB )
0. 0.0000 —1000.00
10. 0.1622 — 15 .80
2 0. 0 .3214 — 9 . 5 6
30. 0.4739 —6.49
4 0. 0 .6 149 — 4 . 2 2
50. 0.739 2 — 2 . 6 3
60. 0.8419 —1.50
70. 0.9197 —0.73
80. 0.9715 —0.25
90. 0 .9980 — 0 . 0 2

100. 1. 0 0 0 0  0.
110 .  0 .9769  — 0 . 2 0
120. 0.9261 — 0.67

13 0. 0 .844 5 — 1 . 4 7
140. 0.7295 —2 .74
ISO . 0.5819 —4 -70
160. 0.4057 —7.54
170. 0.2084 —13.62
ISO . 0.0000 —1000 .00

32

_____________  _____ _ _ _



9 COIM ’RJ I cATIcIJ  RAN GE CON T OU R

AL T ( FT ) 10 0 0 . 0  5 0 0 0 . 0  1 0 0 0 0 . 0  15 0 0 0 . 0  2 0 0 0 0 . 0  3 5 0 0 0 .0

P H I C O E G ) !‘ANGE(N:l )

0. 6.2 29.2 53.5 55.7 55.7 55.4
6.50 5.3 25.5 47.7 55.7 55.6 55.4

10 .50 5.7 27 .1 50 .1 55.7 55.6 55.4
2 0 . 0 0  5.9 28.0 51.7 55.7 55.7 55.4
30.00 8.5 37.6 55.8 55.8 55.7 55.5
3 1.32 5.4 25.9 48.3 55.7 55.6 55.4
35.37 5.2 25 .1 46.9 55.7 55.6 55.4
40.00 6.2 29.1 53.4 55.7 55.7 55.4
50 .00 6.2 29.1 53.4 55.7 55.7 55.4
60.00 5.9 27.8 51 .3 55.7 55.7 55.4
65. 20 4.7 2 3 . 0  43 .4  55.7  55.6  55.4
70.00 6.2 29.1 53.4 55.7 55.7 55.4
75.67 6 .0 28.3 52.1 55.7 55.7 55.4
85.00  7.9 35.6 55.8 55.7 55.7 55.5
9 0 . 0 0  6.9 32.0 55.8 55.7 55.7 55.5
116 .00 13.7 52.0 55.8 55.8 55.7 55.5
123.33 16.6 55.9 55.6 55.8 55.8 55.5
146.00 45.6 55.9 55.9 55.5 55.8 55.6
155. 00 30 . 1 55.9 55.9 55.8 55.8 55.6
159 .15 25.5 55.9 55.9 55.8 55.8 55.6
159.75 39.8 55.9 55.9 55.8 55.9 55.6
162 .00 55.9 55.9 55.9 55.9 55.5 55.6
163.07 4 1.9 55.9 55.9 55.5 55.5 55.6
163.78 55.9 55.9 55.9 55.9 55.8 55.6
166.50 55.9 55.9 55.9 55.9 55.8 55.6
171.95 9.2 39.9 55.8 55.5 55.7 55.5
1 7 3 . 0 0  6.6 30 .9  55.8 55.7 5 5 . 7  55 .5
173 .73 5.1 24.7 46.3 55.7 55.6 55.4
1 7 4 . 1 2  5.4 25.8 48.0 55.7 55.6 55.4
l7 5 .3 0  4.6 22.5 42.6  55.7 55 .6  55 .4
176.95 5.5 26.4 49.1 55.7 55.6 55.4
177.22 4.9 23.7 44.7 55.7 55.6 55.4
177.50 5.1 24.5 46.0 55.7 55.6 55.4
178.33 4.7 22.8 43.2 55.7 55.6 55.i~
179.23 5.9 27.9 51.4 55.7 55.7 55.4
179.68 5.4 26.0 45.4 55.7 55.6 55.4
180.27 5.7 27.! 50.3 55.7 55.6 55.4
180.57 5.6 26.7 49.5 55.7 55.6 55.4
182 .12 5.2 25 .1 47.0 55.7 55.6 55.4

• 182 .38 5.4 25 .8  4 8 . 0  55.7  55.6 55.4
182.67 5.2 25.1 47.0 55.7 55.6 5•4
183 .50 5.6 26.7 49.5 55.7 55.6  55 .4

• 184.02 4.9 23.9 45 .0  55.7 55.6 55.4
154.82 4.5 22 .2  42. 1 - 55.7 55.6 55.4
186.50 4.- I 20.4 35.9 55.6  5 5 . 6  55 .4
187.92  4.3 21 .1 40.2 55.6 55.6 55.4
1 9 1 . 3 5  2.9 14.8  28.9 4 2 . 3  5 5 . 1  5 5 . 3

.
• 192.90 3.4 1 7 . 1  3 3 . 2  48 .3  55.5  55 .3

• 399.08 2.6 1 3 . 0  25 .5  3 7 . 5  4 9 . 1  5 5 . 2
200.28 2.5 12.7 24.9 36.7 /15.1 55.2
203.75 2.3 11 .6 23 .3 34.5 45.2 55.2
205.73 3.0 15.2 29.6 43.’ 55.5 55 .3

• 206 .13 3.1 15.4 30.0 4 3 9  5.5 55.3
2 0 6 . 7 3  2.9 14.4  28 .2  4 1 . 3  53 .9  55 . 3
207 .32 2.9 14.8 28.9 42.3 55. 1 55.3
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208.37 3.0 15 .2 29.6 43.3 55.5 55.3
219.16 1.7 6.9 17.7 2 6 . 3  34.8  5 5 . 0
221 .42 1.9 9.5 19.5 28.9 36.2 55.0
222.43 2.0 10.3 20.5 30.3 40.0 55.1
222.72 2.0 10 .2 20.2 29.9 39.4 55.1
225.00 2.1 10.0 21.3 31.5 41.5 55.1
226 .20  2 .0  1 0 . 3  2 0 . 3  3 0 . 1  39.7 5 5 . 1
227.50 2.1 10.7 21.2 31.3 41.2 55.!
228.22 2.0 10.4 20.6 30.6 40.2 55. 1
235.12 1.7 8.9 17.6 26.4 34.9 55. 0
235.12 1.7 8.9 17.6 26.4 34.9 55.0
235.80 1.6 9.1 16.2 27.0 35.7 55.0
238.23 1.7 8.7 17.2 25.6 33.9 55.0
239.85 1.7 8.9 17 .7 2-6.3 34.8 55.0
24 0 .67  1.6 5.2  16.4 24.4 3 2 .3  54.9
2 4 4 . 10  1 .5  7.8 15.4  23. 0 30 . 5  52 .3
244.77 1.6 8.1 16. 1 24.0 3 1 . 7  5 4 . 3
246.33 1.9 9.9 39.7 29.2 38.5 55.1
254.47 2.6 13.2 25.9 36.1 49.9 55.2
254.47 2.6 13.2 25.9 38.1 49.9 55.2
254. 60 2.5 1 2 . 5  24.6 36 .3  47 .5  55 .2
2 5 7 . 1 8  2 .0 1 0 . 4  2 0.6  3 0 . 5  40.2  55.2
267.00 2.1 10.5 20.9 30.9 40.7 55.1
271 .00 1.7 8.5 17.0 25.3 33.4 54.9
272 .77  1.8 9 . 5  18.6 27.9 36 .6 55 .0
275.00 2.1 10.5 20.8 30.8 40.6 55.1
275.43 2.1 10.7 21 .3 31 .5 111.4 55.3
276.00 2.0 10.2 20.1 29.9 39.4 55. 1
279.00 2.1 10.5 20-9 30.9 40.7 55.!
258 .30 2.7 13.5  26. 6 3 9 . 0  5 1 . 0  5 5 . 2
289.06 2.5 12.9 25.3 37.2 48.8 55.2
294.85 3.4 16.9 32.7 47.6 55.5 55.3
295.83 3.3 16 .5  32. 0 46. 6 55 .5  55 .3
296.67 3.5 17.6 34.0 49.3 55.5 55.3
3 0 2 . 1 0 3.9 19 . 3  3 7 . 1  53 .5  55 .6  55.4
303.40 ‘~.0 19.7 37.5 54.4 55.6 55.4
303.40 4.0 39.7 37.6 54.4 55.6 55.4
306 .78 3 .3  16.6  32.2 46.8 55.5 55.3
309.97 4.3 21.4 40.7 55.6 55.6 55.4
311.67 5.6 26.6 49.3 55.7 55.6 55.4
3 12 . 8 7 5. 11 26 . 0  48.5  55.7 55.6 55.4
312.87 5.4 26.0 48.5 55.7 55.6 55.4
3 1 7 . 0 7  6.6 30 . 6  55.7 55.•1 55.7 55.5
317.58 6.1 28.9 53.0 55.7 55.7 55.4
3 1 5 . 9 5  6. 3 29 .7 54 .3  55 .7  55 .7  55.5
320 . 10  7.7 34.7 55.9 55.7 55.7 55.5
320.30 8.? 35.2 55.8 55.8 55.7 55.5
320.50 8.2 36.4 55.5 55.7 55.7 55.5
321.03 8.5 37.4 55.5 55.7 55.7 55.5
32 1.70  8 . 3  36.2 55.8 55.7 55.7 55.5
322.38 9.3 40.0 55.8 55.8 55.7 55.5

• 327.00 li .2 45.5 55.8 55.8 55.7 55.5
• 334.53 9.6 41.0 55.6 55.8 55.7 55.5

F 334 53 9.6 41.0 55.8 55.8 55.7 55.5
8.4 ~~~~~~~~~ 55.6 55.7 55.7 55.5

336.05 5.4 37.3 55.8 55.7 55.7 55.5
336.62 7.8 35.0 55.8 55.7 55.7 55.5

• 338.35 8.4 37.3 55.5 55.7 55.7 55.5
3 4 1 .0 0  8.2 36.5 55.8 55.7 55.7 55.5
350. 00 7 .4  33.8 55.6 55.7 55.7 55.5
350.00 7.4 33.6 55.5 55.7 55.7 55.5
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Explanation of Example 4

1. A request for computation of communication range i~ made .

2. The program does not include the coaxial cable losses and other losses

within the receiver and transmitter. If known , they should be subtracted

from the actual receiver sensitivity.

3. If the answer is YES , the next two questions are asked . If the answer

is NO, they are skipped.

4. The bearing is measured from the north, clockwise , and is read in

degrees and minutes as DDD.MM. Ex: 1.20 E 10 20’.

5. If the answer is NO, the next two questions are asked. If it is YES,

they are skipped and the six standard alti tudes of 1, 000; 5 , 000;

10,000; 15,000; 20,000; and 35,000 feet above ground level (AGL) are

assumed

6. This is a print out of site parameters which was just read in the

computer for the user ’ s verif ication.

7. These statements modify the program arrays so it can be run with the

smallest core possible . If the user wants to change the name

DATAFILE to any name X X X . . .  (maximum of 8 characters) the following

should be typed 5025$:PRMFL:03 ,R/W,R,BLA00001/XXX..

9. This is the communication range contour output.

“Line of Sight Coverage ” data of Air Force Academy , Colorado Springs ,

are stored in the f i le  DATAF ILE .
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N~Y1’1- : Data in the file DATAFILE have to be stored in the following way in

each azimuth direction :

ZZ,ELANG ,DIST,RNG (1),. .. ,RNG (6)

where ZZ = the azimuth angle in radians .

ELANG = the angle in radians between the screen top and the

ground .

DIST = the distance between the transit and the screen .

RNG = up to six line of sight ranges in nautical miles.

As a reference , this run took a total of 0.0112 hours, out of which

0.0016 hours were used for compilation .

5. Program Limitations

The primary limitations of the program as listed in the Appendix are

shown below.

a) ~-1aximum number of runs. -‘ 10

b) Maximum number of antennas in the GENERAL PROGRAM 90

c) Maximum number of antennas in the SIMPLE PROGRAM 20

Maximum number of sub-antennas to represent antennas

in the SIMPLE PROG RAM 90

• Number of sub-antennas used to represent each antenna

• in the SIMPLE PROGRAM

AT 118 1 — l
AT 1097 - 5
AT 100 0 - l
A T 197 — 2 6
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d) Maximum number of segments to represent the current

on all antennas 200

e) Number of segments used to represent each antenna in

the SIMPLE PROGRAM:

f > 200 MHz (UHF )

with mutual coupling calculations AT 197 - 7 if fed
51 if fed

AT 1097 — 29
AT 1181 — 16

without mutual coupling calculations AT 197 - 7 if fed
39 if not fed

AT 1097 — 29 if fed
20 if not fed

AT 1181 — 12

£ < 200 MHz (VHF )

with mutual coupling calculations AT 197 - 39

AT 1097 — 21
AT 1181 — 12

without mutual coupling calculations AT 197 - 26
AT 1097 — 13
AT 1181 — 12 if fed

7 if not fed

The maximum number of the segments per wavelength used for

the AT 1000 are nine in UHF and twelve in VHF.
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METRIC SYSTEM

BASE UNITS:

Quantity I nit 5 - 1  Symbol Formula

length nH’trs m -‘
mass kiltsg rans kg - -

time 2 5 5  1 1 1 1 1 1  S -

elec tric current 4fl Sp I 5rI 5 ~I --
t hermodynamic temperature ks- lv /n  k -

amount of substance msils- s mol -

luminous intensity c a ~ sls-la cd - ‘

SUPPLEMENTARY UNITS:

plane angle radian rad
solid angle ste ra dian sr - -

DERIVED UNITS:

Acceleration rnetrs- per se ond squared - - - ms
act ivity (of a radioactive sourcej dis lntssgratio n per SI-C l * , tc d (disintegration(/s
angular acceleration radian per slmcScnd squared radis
angu lar velocity radian per SI-sI 115111  radis
area square metre m
density kilogram per cubic metre kgm
electric capacitance farad F Ass/V
electrical conductance siemens S A/V
electric field strength volt per metre V m
electr ic inductance henry H V-s ’A
elec tric potential difference volt V Vs A

* electric res istance ohm V A
electromotive force volt V W IA
energy jou le J N-rn
entropy joule per kelvni - - - J fK
force newton N kg.rn1s
frequency hertz Hz (cyc le )/s
illuminance lux lx lmim
luminance candela per square metre - - cdlm
luminous flux lumen Im cd•si-
magnetic field strength ampere per metre - -  - Aim
magnetic flux weber Wb VIS

magnet ic flux density tesla T Wb/m
magnetomot ive force ampere A
power w att  Vs J/s
pressure pascal Pa N/rn
quantit y of electr ici ty coulomb C As s
quant ity of heat toule J Nsrn
rad iant intensity watt per steradian W/s r
specif ic heat j oule per kilogram-kelvin J k g’K
stress pascal Pa N-rn
t hermal conductivity wa it per metre-kelvin - W m.K
velo ;it y metre p~ r second - - m
v iscosity, dynamic pascaL-second - - Pass
viscosit y, kinematic square metre per second - -  m
voltage volt V Vs A

volume cubic metre m
wa venumber reci procal metre (wa y s - )  rn
wor k joule I N-rn

SI PR~~D(ES:

Mult ip l i s a t ~on Factors l’ re fis ~sI Symh ssl

1 000 00(1 (500 1)00 IO~ ‘-os T

1 000 1)1)0 000 = I 0~ I

1 000 000 I l l s - misRa
1 000 ~~4 j l I

100 = i0~ ‘ l( ’l / 4 4 5

10 10~ ds~k.

0.1 11) 1,54 1

0,01 = 1(1’~ s s i f l t5
(1 001 = t0~~ mill s fl

0 00(1 001 II 1t ) ’~ 1 5 4 1 1  ( 5 -  54

1) 000 01)0 (101 1O’~~ S’II 55
O tlOf) 000 000 001 ‘= 10’ ~ 1~~ ~‘ I’

t ) 000 000 011(5. çtoo 001 ‘ 10’ ‘ bs m iss

1) 1)0(5 000 000 00(11)00 001 10 - ‘~ ss t l , *  55
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MISSION
of

Rome Air Development Center

RAIX~ plans and conducts research, 
exploratory and advanced

development programs in command, control, and communications
(C3) activities, and in the C3 areas of inforrnatior5 sciences
and intelligence . The principa l technical mission areas
are communications , electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology, ~
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility. -j


